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Abstract: Sprouty proteins are evolutionary-conserved modulators of receptor tyrosine kinase (RTK) signaling. We
have previously reported inverse correlation of the Sprouty 1 (Spry1) protein expression with ovarian cancer cell pro-
liferation, migration, invasion and survival. In the present study, the expression status of Spryl protein and its clini-
cal relevance in patients with epithelial ovarian cancer were explored. Matched tumor and normal tissue samples
from 100 patients with epithelial ovarian cancer were immunohistochemically stained for Spry1. Expression of ERK,
p-ERK, Ki67, FGF-2, VEGF and IL-6 and their correlation with Spryl were also evaluated. In addition, correlation
between Spryl and clinicopathological characteristics and predictive significance of Spryl for overall survival (0OS)
and disease-free survival (DFS) were analysed. Our data indicated that Spryl was significantly downregulated in
tumor tissues (p=0.004). Spry1 showed significant inverse correlation with p-ERK/ERK (p=0.045), Ki67 (p=0.010),
disease stage (p=0.029), tumor grade (p=0.037), recurrence (p=0.001) and lymphovascular invasion (p=0.042).
It was revealed that Spryl low-expressing patients had significantly poorer OS (p=0.010) and DFS (p=0.012) than
those with high expression of Spryl. Multivariate analysis showed that high Spryl (p=0.030), low stage (p=0.048)
and no residual tumor (p=0.007) were independent prognostic factors for a better OS, among which high Spryl
(p=0.035) and low stage (p=0.035) remained as independent predictors of DFS, too. We also found that the expres-
sion of Spry1 significantly correlates with the expression of Spry2 (p<0.001), but not that of Spry4. In conclusion,
we report for the first time to our knowledge that Spry1 protein is downregulated in human epithelial ovarian cancer.
Spryl expression significantly impacts tumor behavior and shows predictive value as an independent prognostic
factor for survival and recurrence.
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Introduction as an inhibitor of FGF receptor signaling during

tracheal development in Drosophila [4]. Since
With an estimated 21,980 new cases and then, emerging evidence has highlighted the
14,270 deaths for 2014, epithelial ovarian can- role of Sprouty proteins in the multilayered,
cer (EOC) is the fifth commonest cause of complex regulation of mitogen-activated pro-

female cancer mortality and the leading cause
of gynaecological cancer-associated death in
the United States [1]. Most patients are diag-
nosed with advanced disease. The high death
rate results from the late presentation and
widespread abdominal metastasis [2]. Despite
the standard of care for advanced disease,
including cytoreductive surgery and platinum-
based cytotoxic chemotherapy, EOC frequently
recurs with progressively shorter disease-free
intervals and resistance to chemotherapy [3].

tein kinases/extracellular signal-regulated kin-
ases (MAPK/ERK) pathway and receptor tyro-
sine kinase (RTK) signaling [5]. As regards the
pathophysiology of cancer, Sprouty proteins
have been implicated in the regulation of the
biological processes central to tumor growth,
development and metastasis, including cell pro-
liferation, migration, invasion and survival [6].
Accordingly, deregulation of Sprouty proteins
has been investigated in a variety of malignant
conditions. Nevertheless, little is known about
The founding member of the Sprouty protein the role of Sprouty in EOC [7]. In our previous
family was discovered in 1998 by Hacohen et al studies, we indicated the differential expres-
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Table 1. Correlation between the expression of Spryl and other

markers studied

included the following: a) proven
cases of primary epithelial ovari-

an cancer; b) standard treatment

1 p value carried out as staging laparoto-

Parameter Patients High Low
No. Spryl Spry

p-ERK/ERK ratio (cut-off: 0.34) Low 53 25 28
High a7 13 34

Ki-67 (cut-off: 10%) Low 39 21 18
High 60 17 43

VEGF (cut-off: 3.5) Low 41 13 28
High 59 25 34

FGF-2 (cut-off: 3.5) Low 64 22 42
High 31 15 16

IL-6 (cut-off: 3.5) Low 68 28 40
High 30 10 20

my or cytoreductive surgery plus

0.045 adjuvant systemic chemothera-
py (see below); ¢) informative for
0.010 clinicopathological characteris-
tics studied (supplementary Ta-
0.284 ble 1); d) available and evaluable
matched normal tissue; e) com-
0.193 plete follow up history till June
’ 2014 (end of the study).
0.468 Adjuvant chemotherapy regimen

Spry1: Sprouty 1 protein, ERK: extracellular signal-regulated kinases, p-ERK:
phospho-ERK, VEGF: vascular endothelial growth factor, FGF-2: fibroblast growth

factor, IL-6: interleukin-6. P values <0.05 are considered significant.

sion of Sprouty 1 (Spry1) and Sprouty 2 (Spry2)
proteins in a panel of ovarian cancer cell lines
with a tendency towards Sprouty downregula-
tion [8], and observed inverse correlation
between the expression of Spryl protein and
growth, proliferation, migration and invasion of
ovarian cancer cells [9]. To evaluate the clinical
relevance of these findings, we investigated in
the present retrospective study the expression
status of Spryl protein in a cohort of patients
with EOC and explored the association of the
Spryl expression with clinicopathological char-
acteristics as well as with survival and recur-
rence. Here, we report for the first time to our
knowledge downregulation of Spryl protein in
EOC and its predictive value as an independent
prognostic biomarker.

Materials and methods
Patients and clinical samples

Following the approval of the study by South
Eastern Sydney and lllawarra Area Health Ser-
vice Human Research Ethics Committee-
Central Network (EC00135), the databases of
two health care facilities, including St George
Hospital (The University of New South Wales)
and St George Private Hospital (Sydney, New
South Wales, Australia) were reviewed. Of a
total of 480 cases with ovarian cancer identi-
fied between 2001 and 2012, 100 patients
were selected who entered the study after
obtaining informed consent for experimenta-
tion with human subjects. The inclusion criteria
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used for the study entrants in-
cluded a combination of pacli-
taxel and carboplatin adminis-
tered according to the following
formula: Paclitaxel (175 mg/m2,
intravenous over 3 hours) + carboplatin (total
dose calculated by Calvert formula*, intrave-
nous over 15-60 minutes) x 6 cycles. * Total
carboplatin dose (mg) = Target area under con-
centration vs time curve (AUC) x (GFR +25)

Demographic and clinical data were collected
from medical charts. Histopathological find-
ings, such as tumor grade and subtype, lym-
phovascular invasion and lymph node involve-
ment, were obtained from original pathology
reports. Tumors were histologically classified
according to the World Health Organization
(WHO) classification system [10]. Lymphova-
scular invasion was assessed by pathological
examination. Staging based on a combination
of surgical and pathological findings was per-
formed according to the Federation of Gyne-
cology and Obstetrics (FIGO) guidelines [3].
Clinical samples containing tumor and matched
normal tissue from archived formalin-fixed, par-
affin-embedded material surgically resected
from patients were obtained from Department
of Pathology, St George Hospital. For few vari-
ables, a difference in total number of patients
resulted from the inadequacy of cancer tissue
remaining in the archival blocks at the time of
the study.

Immunohistochemical staining and analysis

The following primary antibodies and dilutions
were used in our immunohistochemical study:
Spryl mouse monoclonal antibody (1:500) (Ab-
nova Corporation, Taipei, Taiwan), ERK and
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p-ERK rabbit monoclonal antibodies (1:200
and 1:100, respectively) (Cell Signaling Inc.,
Beverly, MA), Ki67 mouse monoclonal antibody
(1:1200), FGF-2 rabbit polyclonal antibody
(1:200), VEGF and IL-6 mouse monoclonal anti-
bodies (1:300 and 1:250, respectively) (Santa
Cruz Biotechnology Inc., Santa Cruz, CA). The
following tissues were used as positive control:
Kidney for Spry1, breast/kidney/fallopian tube
for ERK, fallopian tube/prostate cancer for
p-ERK, tonsil for Ki67 and IL-6, tonsil/testis for
FGF-2, and prostate cancer/breast cancer for
VEGF.

Formalin-fixed, paraffin-embedded tissue sec-
tions (5 pym-thick) were deparaffinized with xyl-
ene and rehydrated. For antigen retrieval, sec-
tions were placed in either 10 mM Tris base, 1
mM EDTA solution at pH 9.0 for Ki-67 and inter-
leukin-6 (IL-6) or 10 mM sodium citrate buffer
at pH 6.0 for the rest and exposed to repeated
(twice) microwave heating of 10 min (or twice
heating of 5 min for vascular endothelial growth
factor (VEGF)) at 750W. After 10 min incubation
with 3% hydrogen peroxide for inactivation of
endogenous peroxidase activity, sections were
blocked with DAKO blocking buffer followed by
incubation with primary antibody at 4°C over-
night. Specimens were then incubated with ap-
propriate secondary antibody using EnVision
Plus kit (DAKO) for 30 min and then with diami-
nobenzidine chromogen for 5 min. All slides
were counterstained with hematoxylin to visual-
ize the nuclei. For negative controls, the same
specimens as our positive controls for each
antibody were used but the primary antibodies
were replaced with the primary antibody dilu-
ents. Under light microscope (Leica DMLB, Lei-
ca Microsystems, Wetzlar, Germany), staining
of the epithelial cells was evaluated and scored
by two observers. Representative slides were
photographed using Leica DC200 digital imag-
ing system (Leica Microsystems, Wetzlar, Ger-
many). Semi-quantitative scoring was perfor-
med based on the average signal intensity and
the percentage of immunoreactive cells. A four-
value intensity score (O, no immunoreactivity;
1, weak intensity; 2, moderate intensity and 3,
strong intensity) was used as well as a four-val-
ue quantity score defined as follows: Spry1 (O,
none; 1, 1-33%; 2, 34-66%; and 3, 67-100% )
[11], ERK and phospho-ERK (p-ERK) (O, none;
1, less than 10%; 2, 10-50%; and 3, greater
than 50%) [12], fibroblast growth factor-2 (FGF-
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2), IL-6 and VEGF (0, none; 1, 1-25%; 2, 26-50%;
and 3, greater than 50%) [13, 14].

The average intensity and quantity scores for
the three cores were then multiplied yielding a
10-point immunohistochemical score ranging
from O (no staining) to 9 (extensive, strong
staining) for each case. For Ki-67, the percent-
age of the positively stained cells among the
total number of the tumor cells in the area was
scored [15]. For p-ERK and Ki-67, the propor-
tion of cells showing a positive nuclear stain
was considered as positive staining.

Statistical analysis

All statistical analyses were performed using
the statistical package SPSS, version 22 (SPSS
Inc., Chicago, IL). The data were summarized
using standard descriptive statistics and fre-
quency tabulations. Wilcoxon matched-pairs
signed rank test was used for comparison of
the Spryl expression between normal and can-
cer tissue. Associations between the clinico-
pathological parameters and the Spryl expres-
sion were evaluated using Spearman correla-
tion coefficient testing. The same test was used
to assess the correlation between the expres-
sion of Spryl and other markers studied.
Overall survival (OS) and disease-free survival
(DFS) analyses were carried out for the expres-
sion of Spryl. OS was defined as the time from
surgery to death or to the end of the study and
DFS was calculated from the date of surgery to
recurrence or to the end of the study. The pre-
dictive value of Spryl for OS and DFS was eval-
uated using the Kaplan-Meier method. Kaplan-
Meier survival curves were constructed for
patients with low and high levels of the Spryl
expression. The statistical significance between
survival curves was assessed by the log-rank
test. The binary cut-off points of the markers
studied were identified using the Classification
and Regression Tree (CART) algorithm which
were near the median values. The Cox univari-
ate and multivariate proportional hazard mod-
els with 95% confidence interval (Cl) were con-
structed to assess the independent predictive
value of Spryl in the presence of other clinico-
pathological variables. Receiver operating
characteristic (ROC) curve analysis was also
performed to determine the validity of cut-off
points and also the sensitivity and specificity of
the markers with significant predictive values. A
P-value of <0.05 was considered statistically
significant for all analyses.
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Figure 1. Immunohistochemical analysis of the Spry1 expression in EOC. A. Representative photographs indicating
high (left) and low (right) levels of the Spryl immunohistochemical expression in the EOC tissue (magnification =
40x). B. Downregulation of Spry1 protein in EOC as compared with matched normal tissue. Data are represented as
mean expression score * SE (left) and maximum and minimum expression score (right). Significant values (<0.05)

are marked by asterisks.

Results
Spry1 protein is downregulated in EOC

After being immunohistochemically scored, our
data showed variable expression of Spryl pro-
tein in both normal and cancerous tissues.
Although some normal tissues had minimum
(score 0: 7%) or maximum (score 9: 5%) stain-
ing, the vast majority of cases showed mild
(53%) to moderate (35%) staining in their nor-
mal epithelium with immunohistochemistry sc-
ore of 1-3 and 4-6, respectively. Ovarian cancer
epithelium also exhibited variable expression
of the protein, from minimal (score O: 14%) to
mild (48%) to moderate (38%). However, there
was no cancerous tissue with maximum stain-
ing. When the protein expression in tumor tis-
sue was compared to that in normal tissue, sig-
nificant downregulation of Spryl (p value:
0.004) in tumor tissue was revealed (Figure 1).
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Due to the variability of the protein expression
in different samples, we also compared the
staining scores of Spryl in cancer tissue and
those in matched normal tissue from the same
patient for a more meaningful deduction. Our
results showed that Spryl was downregulated
in 42% of patients. However, equal and higher
Spryl expression scores were detected in 34%
and 24% of patients, respectively. When the
total of 100 tumor samples were stratified by
the cut-off point into high- (>3.5) and low- (£3.5)
expressing groups, 62 cases were identified as
patients with Spryl low-expressing tumors.

Spry1 expression inversely correlates with the
expression of p-ERK/ERK and Ki67 in EOC

Given aberrant activation of MAPK/ERK in can-
cer and the role of Sprouty proteins in regula-
tion of the pathway, immunohistochemical
analysis and scoring of tissue samples for the
expression of ERK and p-ERK was then per-
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Figure 2. Expression of ERK, p-ERK and Ki67 in EOC. A. Representative photographs demonstrating high (left)
and low (right) immunohistochemical expression levels of ERK (top), p-ERK (middle) and Ki67 (bottom) in EOC tis-
sues (magnification= 40x). B. Expression of ERK (left), p-ERK (middle) and p-ERK/ERK (right) in EOC as compared
with matched normal tissue. Data are represented as mean expression score * SE. Significant values (<0.05) are
marked by asterisks.

formed. Phosphorylation of ERK is the final tion of p-ERK in tumor tissue (p<0.0001)
step in the activation of MAPK/ERK pathway. despite insignificant difference between the
Our data demonstrated significant upregula- expressions of ERK in tumor and matched nor-
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Table 2. Correlation of the Spryl expression with clini-
copathological characteristics

Parameter Patients High Low p value
No. Spryl Spryl
Age (yr)
<50 16 2 14 0.022
>50 84 36 48
Menopause
Yes 92 37 55 0.124
No 8 1 7
Disease stage
Early (I-11) 14 9 5 0.029
Advanced (IlI-IV) 86 29 57
Tumor grade
-1 23 13 10 0.037
I 77 25 52
Tumor subtype
Serous 81 32 49  0.516
Mucinous 2 0 2
Endometrioid 4 2 2
Clear cell 5 2 3
Others 8 2 6
Lymphovascular invasion
Yes 35 8 27 0.042
No 25 12 13
Lymph node involvement
Yes 38 15 23 0.511
No 25 12 13
Response to chemotherapy
No 21 6 15 0.321
Yes Recurrent 58 17 41 0.001
Non-recurrent 21 15 6
Ascites at diagnosis
Yes 54 18 36 0.302
No 46 20 26
Post-treatment ascites
Yes 42 12 30 0.100
No 58 26 32
Residual tumor
No 48 17 31 N/A
<lcm 35 15 20
1-2 cm 0 0 0
>2 cm 17 6 11

yr: year, Spryl1: Sprouty 1 protein, N/A: not applicable. P values

<0.05 are considered significant.

mal tissue samples. As a result, p-ERK/ERK
expression ratio as an indicator of ERK activa-
tion was significantly higher (p<0.0001) in
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tumor tissues (Figure 2). Moreover, the
expression of Ki67, known as a tumor pro-
liferation marker, was also immunohisto-
chemically analyzed and scored. Finally,
possible correlation between the expres-
sion of Spryl and these variables was
analyzed whereby significant negative co-
rrelations of Spryl with p-ERK/ERK (p=
0.045, correlation coefficient= -0.201)
and Ki67 (p=0.010, correlation coeffi-
cient=-0.256) were revealed (Table 1).

Spryl expression has no significant cor-
relation with that of fibroblast growth
factor, vascular endothelial growth factor
and interleukin-6 in EOC

FGF-2, VEGF and IL-6 are among the
known activators of MAPK/ERK, the ex-
pression of which in tumor tissue sam-
ples and their individual association with
Spryl were evaluated next. As seen in
Table 1, no statistically significant corre-
lation was found between the expres-
sions of Spryl and that of FGF-2, VEGF
and IL-6.

Correlation of Spryl expression with
clinicopathological characteristics of EOC
patients

Next, we investigated clinical relevance of
the Spryl expression in EOC. Firstly, we
evaluated the correlation between the
expression of Spryl and clinicopathologi-
cal characteristics of the EOC patients in
our cohort (Table 2). Data analysis sho-
wed that expression of Spryl was inverse-
ly correlated with aggressive clinicopath-
ological features, including the disease
stage (p=0.029, correlation coefficient =
-0.218), tumor grade (p=0.037, correla-
tion coefficient = -0.209), recurrence (p
=0.001, correlation coefficient = -0.379)
and lymphovascular invasion (p=0.042,
correlation coefficient = -0.263).

Expression of Spry1l is associated with
survival in patients with EOC

Subsequently, the influence of the Spryl
expression on overall survival (0S) and
disease-free survival (DFS) was investi-

gated. Firstly, survival probabilities were esti-
mated by the Kaplan-Meier method and differ-
ences were compared by the log-rank test. It

Am J Cancer Res 2015;5(4):1531-1541
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Figure 3. Kaplan-Meier curves of overall survival and disease-free survival probabilities. A. Overall survival probabil-
ity in EOC patients with high levels of Spryl expression (green) as compared to those with low Spryl expression lev-
els (blue). B. Disease-free survival probability in patients with high levels of Spryl expression (green) as compared
to those with low Spryl expression levels (blue). p values <0.05 are considered significant.

Table 3. Univariate and multivariate analyses of potential predictors of survival and recurrence in EPC

Overall survival Disease-free survival
Variables
HR (95% ClI) p value HR (95% ClI) p value
Univariate
Age (yr) (<50 vs. >50) 0.503 (0.239-1.057) 0.070 0.855(0.431-1.694) 0.653
Menopause (no vs. yes) 0.395(0.123-1.267) 0.118 0.861(0.309-2.398) 0.774
Stage (early vs. late) 0.286 (0.114-0.718) 0.008 0.271(0.105-0.696)  0.007
Tumor grade (I-l vs. Il 0.623(0.338-1.148) 0.129 0.529(0.272-1.026) 0.060
Tumor subtype (serous vs. mucinous vs. endometrioid vs. clear cell vs. others) 0.857 (0.386-1.903) 0.705 1.431(0.445-4.605) 0.548
Lymphovascular invasion (no vs. yes) 0.625(0.317-1.230) 0.173 0.629(0.312-1.272) 0.197
Lymph node involvement (no vs. yes) 0.797 (0.411-1.546) 0.503 0.579(0.280-1.197) 0.140
Ascites at diagnosis (no vs. yes) 0.599 (0.364-0.988) 0.045 0.509 (0.295-0.878) 0.015
Residual tumor (no vs. <1 cmvs. 1-2 cm vs. >2 cm) 0.440 (0.230-0.844) 0.013 0.611(0.277-1.350) 0.224
Ki67 (£10% vs. >10%) 0.604 (0.359-1.018) 0.059 0.936 (0.554-1.580) 0.804
Spry1 (high vs. low) 0.493 (0.284-0.857) 0.012 0.489 (0.277-0.863) 0.014
Multivariate
Stage (early vs. late) 0.374 (0.141-0.992) 0.048 0.341(0.126-0.927) 0.035
Ascites at diagnosis (no vs. yes) 0.772(0.460-1.297) 0.329 0.605 (0.347-1.055) 0.076
Residual tumor (no vs. <1 cmvs. 1-2 cm vs. >2 cm) 0.404 (0.208-0.783) 0.007 N/A N/A
Spry1 (high vs. low) 0.534 (0.303-0.942) 0.030 0.539(0.303-0.959) 0.035

yr: year, Spryl: Sprouty 1 protein, HR: hazard ratio, Cl: confidence interval, N/A: not applicable. P values <0.05 are considered significant.

was found that Spryl low-expressing patients To identify factors associated with survival,
had significantly poorer OS (p=0.010) and DFS Spryl as well as clinicopathological parame-
(p=0.012) than those with high expression of ters investigated were then assessed in uni-
Spryl. The median OS for low-expressing and variate and multivariate analyses. In univariate
high-expressing groups was 2.7 and 6.8 years, analysis, high Spryl (HR=0.49; 95% ClI, 0.28-
respectively. The median DFS in Spryl low- 0.85; p=0.012), low stage (HR=0.28; 95% ClI,
expressing patients was 14.9 months versus 0.11-0.71; p=0.008), no residual tumor
30 months in the high-expressing group (Figure (HR=0.44; 95% Cl, 0.23-0.84; p=0.013) and no
3). ascites at diagnosis (HR=0.59; 95% Cl, 0.36-
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Table 4. Correlations of the Spryl expression
with the expressions of Spry2 and Spry4 in
EOC

Spryl

Parameter Patients No. ——————— pvalue
Low High

Spry2 Low 70 58 12 <0.001
High 29 3 26

Spry4  Low 76 49 27  0.293
High 23 12 11

No.: number. P values <0.05 are considered significant.

0.98; p=0.045) appeared to be significant pre-
dictors of a better OS. Moreover, high Spryl
(HR=0.48; 95% CI, 0.27-0.86; p=0.014), low
stage (HR=0.27; 95% Cl, 0.10-0.69; p=0.007)
and no ascites at diagnosis (HR=0.50; 95% Cl,
0.29-0.87; p=0.015) were found to significantly
affect DFS (Table 3).

Multivariate Cox proportional hazards regres-
sion analysis was subsequently performed to
confirm the prognostic value of the predictors
found significant in the univariate analysis. Our
results revealed that high Spryl (HR=0.53;
95% ClI, 0.30-0.94; p=0.030), low stage (HR
=0.37; 95% Cl, 0.14-0.99; p=0.048) and no
residual tumor (HR=0.40; 95% CI, 0.20-0.78;
p=0.007) were independent prognostic factors
for a better 0S. With respect to DFS, high Spry1
(HR=0.53; 95% CI, 0.30-0.95; p=0.035) and
low stage (HR=0.34; 95% Cl, 0.12-0.92; p=
0.035) remained independent predictors in
multivariate analysis (Table 3).

Performing the ROC analysis with the area
under the curve (AUC) of 0.718, we found that
Spry1 as a prognostic biomarker has a sensitiv-
ity of 74% and a specificity of 64%, giving a
positive predictive value (95% Cl) of 67.27%
and a negative predictive value of 71.11% for
OS. The likelihood ratios of positive and nega-
tive outcomes were 2.06 and 0.41, respective-
ly. With regard to DFS, the Spryl showed 70%
sensitivity and 72% specificity. We also obser-
ved the positive and negative predictive values
(95% CI) of 71.43% and 70.59%, respectively.
The likelihood ratios of positive and negative
outcomes were 2.50 and 0.42, respectively.

Expression of Spry1 correlates with the expres-
sion of Spry2, but not that of Spry4

Given the known interactions among the Sp-
routy isoforms for a balanced, regulatory out-
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put, a possible association among the expres-
sions of Spryl, Spry2 and Sprouty 4 (Spry4)
was next explored employing the data extract-
ed from our previous study on Spry2 and Spry4
[16]. As shown in Table 4, while a significant
correlation between Spryl and Spry2 was
revealed (p value <0.001, correlation coeffi-
cient = 0.679), there was no significantly mean-
ingful correlation between the expression of
Spry4 with either Spryl (p value: 0.293) or
Spry2 (p value: 0.514).

Discussion

For the past 15 years, an expanding body of evi-
dence has continued to support the crucial role
of Sprouty proteins in cell biology. Members of
this protein family, in particular Spryl, Spry2
and Spry4, function as versatile modulators of
receptor tyrosine kinase signaling which medi-
ate the crosstalk between MAPK/ERK and
other pathways for a coordinated cellular res-
ponse. On this basis, deregulation of Sprouty
proteins has been implicated in a variety of
pathological conditions, including cancer. Sp-
ryl was the first member of the family to be
identified, regulatory functions of which in or-
ganogenesis and other physiological processes
are well documented [4, 17-26]. Spryl regula-
tion of key cellular processes has been shown
to impact biological behavior of cancer cells.
Kwabi-Adoo et al [11] indicated that Spryl
transfection of prostate cancer cells had an
inhibitory effect on colony formation and cell
proliferation. Macia et al [27] found that ecto-
pic expression of Spryl in medullary thyroid
carcinoma cells reduced proliferation of the
cancer cells in vitro and inhibited growth of the
xenografts in vivo. Mathieu et al [28] showed
that genomic loss of Spry1 significantly contrib-
utes to aggressiveness of melanoma xenograft
models. Polytarchou et al [29] provided evi-
dence that combined downregulation of Spry1,
phosphatase and tensin homolog (PTEN) and
programmed cell death 4 (PDCD4) promotes
cancer cell survival under hypoxia. Our lab pre-
viously reported that Spryl suppresses uPAR-
mediated migration and/or invasion of breast
cancer, colon carcinoma and osteosarcoma
cells [30]. Investigating the implication of Spryl
in EOC, we recently showed that the Spryl
expression inhibits activation of ERK and in-
versely correlates with proliferation, migration,
invasion and survival of the human EOC-derived
cells, in vitro [9]. In agreement with earlier find-
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ings indicating the inhibitory effects of Spryl
on MAPK/ERK activity and proliferative capaci-
ty of the EOC cells, inverse correlation of Spryl
with p-ERK/ERK and the proliferation marker
Ki67 was observed in the present study. In a
contradictory report, Schaaf et al [31] argued
earlier that Spryl was essential for embryonal
rhabdomyosarcoma (ERMS) cell proliferation
and survival in vitro and tumor formation and
maintenance in vivo. This effect, however, was
observed only in oncogenic RAS mutants in the
context of which aberrant activation of MAPK/
ERK downstream of the Sprouty action point is
evident.

Following our initial in vitro studies of the Spry1l
expression and its functional outcomes in EOC
cells, the expression profile of Spryl protein
and clinical significance of Spryl deregulation
in patients with EOC were investigated in the
present study. To the best of our knowledge,
this is the first study of this kind in EOC. Our
immunohistochemical study revealed signifi-
cant downregulation of Spry1 protein in EOC tis-
sues that is in line with previous reports of
Spryl inactivation or downregulation at DNA,
RNA or protein levels in breast [32, 33], pros-
tate [11, 34, 35], and thyroid cancer [27].
Nevertheless, our results contrast with those of
Schaaf et al [31] and Sirivatanauksorn et al
[36] reporting elevated expression of Spryl in
ERMS and hepatocellular carcinoma (HCC),
respectively. In the first study, however, upregu-
lation of Spry1 was found in an oncogenic RAS
background where Spryl is expected to be
transcriptionally upregulated as a result of RAS
activation. Moreover, increased expression of
Spryl mRNA in the second study was found
insignificant when the Spry1 expression in HCC
tissues was compared with its expression in cir-
rhotic tissue, thereby implicating other causes,
including aberrant hepatocyte function, in
upregulation of Spry1.

Consistent with the biological functions of
Spryl in cancer cells explored by others and us
as discussed above, our results revealed the
inverse correlation of the Spryl expression
with aggressive clinicopathological features of
the disease and identified Spryl as an indepen-
dent predictor of overall survival and recur-
rence in EOC. In this regard, the clinical rele-
vance of the Spryl expression in cancer has
been investigated by a number of investigators

1539

although its significance as a prognostic factor
has not been reported before. In an attempt to
identify the genes effectively discriminating
between clinically aggressive and nonaggres-
sive types of clear cell renal cell carcinoma in
29 patients with diverse clinical outcomes,
Takahashi et al [37] found Spryl among exclu-
sively upregulated genes in the good outcome
group. Through microarray analysis of 49 micro-
dissected prostate tissue specimens, Fritzsche
et al [34] observed gradually intensifying down-
regulation of Spryl mRNA from hyperplasia to
severe prostatic intraepithelial neoplasia (PIN)
to cancer. In a study by Faratian et al [33],
Spryl gene expression in six Affymetrix gene
expression datasets representing a total of
1107 breast cancer tumors was found to be
higher in normal-like subtype of the cancer and
lower in tumors with higher grade. In an addi-
tional single dataset containing 143 normal
and 42 tumor tissues, Spryl appeared to be
downregulated in a panel of invasive ductal car-
cinomas as compared with normal breast
tissue.

Of the three Spry isoforms evaluated by our
group, Spryl and Spry2 represented the homo-
logs with significantly correlated expression
profiles in EOC tumors. This finding is consis-
tent with the expression profiles of these homo-
logs exhibited by our panel of EOC cells in vitro
[8]. This can be justified, at least in part, by
functional resemblance and interactions
among Sprouty isoforms which have been
mainly observed and documented for Spryl
and Spry2 [7]. As with Spryl1, downregulation of
Spry2, too, was found to be of significant clini-
cal relevance which further supports the func-
tional cooperation between the two isoforms in
EOC [16].

In conclusion, we report for the first time down-
regulation of Spryl in EOC with significant
impacts on tumor behavior and patient out-
come. The results of this study along with simi-
lar findings from other research efforts on the
role of Sprouty protein family in malignant con-
ditions provide a basis for further evaluation of
these evolutionary-conserved proteins as bio-
markers of prognosis as well as for assessment
of their value in therapeutic approaches.
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